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Attorney Docket No. 36856.447 

METHOD FOR SELECTING PIEZOELECTRIC TRANSFORMER 
CHARACTERISTIC 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to methods for selecting 
piezoelectric transformer characteristics, and more 
particularly, the present invention relates to a method for 
selecting a characteristic of a piezoelectric transformer 
which is used, for example, as a driving power source of a 
backlight inverter of a liquid crystal display, a camera 
flash device, or suitable devices. 

2 . Description of the Related Art 

A Rosen-type piezoelectric transformer is one of the 
generally known piezoelectric transformers. This 
piezoelectric transformer includes a piezoelectric body unit 
which is formed by laminating ceramic sheets made of a 
piezoelectric ceramic material such as lead zirconium 
titanate (PZT) and then baking the laminated sheets. The 
piezoelectric body unit includes a driving unit (primary 
side) and a generating unit (secondary side) . 

There are three factors that determine the efficiency 
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and the step-up ratio of the piezoelectric transformer 
having the above construction: the polarizability of the 
primary side, the polarizability of the secondary side, and 
the internal electrode film thickness of the primary side. 
Here, the polarizability is a proportion of the amount of 
polarization in which the amount of polarization in a 
saturation state is 1 (= 100 %) . When these 
J| polarizabilities and the internal electrode film thickness 

r: are desired to be examined, the primary side and the 

;f secondary side of the piezoelectric transformer must be 

IP separately cut into test pieces to determine the 

s electromechanical coupling factors thereof. However, since 

ui the piezoelectric transformer cannot be destroyed during a 

^ shipping inspection in a mass -production process, this 

method cannot be used. Accordingly, conventionally, 
defective or non-defective piezoelectric transformers are 
selected based on evaluations of an ef f iciency-versus- 
frequency characteristic and a step-up-ratio-versus- 
frequency characteristic. 

However, when the ef f iciency-versus-f requency 
characteristic or the step-up-ratio-versus-f requency 
characteristic is evaluated to select the piezoelectric 
transformer, the characteristic must be evaluated in a state 
in which the primary side and the secondary side of the 
piezoelectric transformer are electrically connected. 
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Particularly, a connection which is secure and which also 
allows the great number of possible vibrations is required 
for the secondary side which exhibits a high level of 
vibration. Therefore, it is difficult to evaluate the 
piezoelectric transformer in an isolated state before it is 
mounted on a substrate, in a casing, or other such substrate. 
In most cases, when the piezoelectric transformer is 
evaluated, it is mounted on the substrate or in an inverter 
circuit. In addition, since use of this method is time- 
consuming, it is unproductive to perform selection of the 
characteristic using this method during the mass -production 
process . 

SUMMARY OF THE INVENTION 
In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
method for selecting a piezoelectric transformer 
characteristic in which the piezoelectric transformer can be 
evaluated in an isolated state and the selecting time can be 
reduced. 

According to a first preferred embodiment of the 
present invention, a method for selecting a piezoelectric 
transformer characteristic includes the steps of connecting 
a primary-side driving section of a piezoelectric 
transformer to a high-frequency generator while leaving a 



secondary- side generating section thereof in an open state, 
causing the high-frequency generator to sequentially 
generate and sweep a high-frequency signal over a 
predetermined frequency range, measuring a resonant 
frequency fr of an input -impedance -versus -frequency 
characteristic of the piezoelectric transformer, and 
selecting the characteristic of the piezoelectric 
transformer based on the value of the measured resonant 
frequency fr. 

According to a second preferred embodiment of the 
present invention, a method for selecting a piezoelectric 
transformer characteristic includes the steps of connecting 
a primary-side driving section of a piezoelectric 
transformer to a high-frequency generator while leaving a 
secondary-side generating section thereof in an open state, 
causing the high-frequency generator to sequentially 
generate and sweep a high-frequency signal over a 
predetermined frequency range, measuring a bandwidth of an 
input -impedance -versus -frequency characteristic of the 
piezoelectric transformer in which the bandwidth is 
determined by subtracting a resonant- frequency fr from an 
antiresonant- frequency fa, and selecting the characteristic 
of the piezoelectric transformer based on the value of the 
measured bandwidth. 

According to a third preferred embodiment of the 
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present invention, a method for selecting a piezoelectric 
transformer characteristic includes the steps of connecting 
a primary-side driving section of a piezoelectric 
transformer to a high-frequency generator while leaving a 
secondary-side generating section thereof in an open state, 
causing the high-frequency generator to sequentially 
generate and sweep a high-frequency signal over a 
predetermined frequency range, measuring a resonant 
resistance Zr from an input -impedance -versus -frequency 
characteristic of the piezoelectric transformer, and 
selecting the characteristic of the piezoelectric 
transformer based on the value of the measured resonant 
resistance Zr. 

According to a fourth preferred embodiment of the 
present invention, a method for selecting a piezoelectric 
transformer characteristic includes the steps of connecting 
a primary-side driving section of a piezoelectric 
transformer to a high-frequency generator while leaving a 
secondary- side generating section thereof in an open state, 
causing the high-frequency generator to sequentially 
generate and sweep a high-frequency signal over a 
predetermined frequency range, measuring a resonant 
frequency fr, a bandwidth, and a resonant resistance Zr from 
an input -impedance -versus -frequency characteristic of the 
piezoelectric transformer in which the bandwidth is 
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determined by subtracting a resonant -frequency fr from an 
antiresonant- frequency fa, and selecting the characteristic 
of the piezoelectric transformer based on the values of the 
measured resonant frequency fr, the bandwidth, and the 
resonant resistance Zr. 

According to a fifth preferred embodiment of the 
present invention, a method for selecting a piezoelectric 
transformer characteristic includes the steps of connecting 
a primary-side driving section of a piezoelectric 
transformer to a high-frequency generator while leaving a 
secondary-side generating section thereof short-circuited, 
causing the high-frequency generator to sequentially 
generate and sweep a high-frequency signal over a 
predetermined frequency range, measuring a resonant 
frequency fr of an input -impedance -versus -frequency 
characteristic of the piezoelectric transformer, and 
selecting the characteristic of the piezoelectric 
transformer based on the value of the measured resonant 
frequency fr. 

According to a sixth preferred embodiment of the 
present invention, a method for selecting a piezoelectric 
transformer characteristic includes the steps of connecting 
a primary-side driving section of a piezoelectric 
transformer to a high-frequency generator while leaving a 
secondary-side generating section thereof short-circuited, 
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causing the high-frequency generator to sequentially 
generate and sweep a high-frequency signal over a 
predetermined frequency range, measuring a bandwidth of an 
input -impedance -versus -frequency characteristic of the 
piezoelectric transformer in which the bandwidth is 
determined by subtracting a resonant -frequency fr from an 
antiresonant- frequency fa, and selecting the characteristic 
of the piezoelectric transformer based on the value of the 
measured bandwidth. 
K" According to a seventh preferred embodiment of the 

yl present invention, a method for selecting a piezoelectric 

„7 transformer characteristic includes the steps of connecting 

{% a primary-side driving section of a piezoelectric 

^ transformer to a high-frequency generator while leaving a 

secondary- side generating section thereof short-circuited, 
causing the high-frequency generator to sequentially 
generate and sweep a high-frequency signal over a 
predetermined frequency range, measuring a resonant 
resistance Zr of an input- impedance-versus- frequency- 
characteristic of the piezoelectric transformer, and 
selecting the characteristic of the piezoelectric 
transformer based on the value of the measured resonant 
resistance Zr. 

According to an eighth preferred embodiment of the 
present invention, a method for selecting a piezoelectric 
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transformer characteristic includes the steps of connecting 
a primary-side driving section of a piezoelectric 
transformer to a high-frequency generator while leaving a 
secondary-side generating section thereof short-circuited, 
causing the high-frequency generator to sequentially 
generate and sweep a high-frequency signal over a 
predetermined frequency range, measuring a resonant 
frequency fr, a bandwidth, and a resonant resistance Zr of 
an input -impedance -versus -frequency characteristic of the 
piezoelectric transformer in which the bandwidth is 
determined by subtracting a resonant -frequency fr from an 
antiresonant- frequency fa, and selecting the characteristic 
of the piezoelectric transformer based on the values of the 
measured resonant frequency fr, the bandwidth, and the 
resonant resistance Zr. 

The polarizability condition of the secondary-side 
generating section of the piezoelectric transformer can be 
examined by measuring the resonant frequency from the input- 
impedance -versus -frequency characteristic. The 
polarizability condition of the primary-side driving section 
of the piezoelectric transformer can be examined by 
measuring the bandwidth. The film thickness condition of 
internal electrodes of the primary-side driving section can 
be examined by measuring the resonant resistance. Therefore, 
instead of measuring the efficiency-versus- frequency 
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characteristic or the step-up-ratio-versus - frequency- 
characteristic , by measuring the resonant frequency, the 
bandwidth, or the resonant resistance from the input- 
impedance -versus -frequency characteristic, the piezoelectric 
transformer having a predetermined characteristic can be 
selected. Since only the input -impedance characteristic of 
the piezoelectric transformer is measured, the measuring 
time is greatly reduced. 

When the input -impedance -versus -frequency 
characteristic is measured in a case in which the secondary- 
side generating section of the piezoelectric transformer is 
in an open state, the piezoelectric transformer can be 
measured in an isolated state (that is, the transformer does 
not have to be mounted to a substrate or an inverter 
circuit) . Therefore, even though the piezoelectric 
transformer that does not meet the selection criteria and 
standards is produced, only the piezoelectric transformer is 
wasted as a defective product, which is contrary to a 
conventional case in which the surf ace -mounting substrate or 
the casing provided with the defective piezoelectric 
transformer is also wasted. Therefore, significant cost 
savings are achieved with preferred embodiments of the 
present invention . 

Other features, elements, steps, processes and 
advantages of the present invention will become apparent 
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from the detailed description of preferred embodiments with 
reference to the attached drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view showing one example of a 
piezoelectric transformer used in a method for selecting a 
piezoelectric transformer characteristic according to 
preferred embodiments of the present invention; 

Fig. 2 is a cross-sectional view taken along line II-II 
in Fig. 1; 

Fig. 3 is a cross-sectional view taken along line III- 
III in Fig. 1; 

Fig. 4 is a block diagram showing one example of an 
input -impedance -versus -frequency characteristic measuring 
apparatus used in the method for selecting the piezoelectric 
transformer characteristic according to preferred 
embodiments of the present invention; 

Fig. 5 is an enlarged view of measuring terminals of 
the input -impedance -versus -frequency characteristic 
measuring apparatus shown in Fig. 4; 

Figs. 6A, 6B, and 6C are graphs indicating the input- 
impedance -versus -frequency characteristic, an efficiency- 
versus- frequency characteristic, and a step-up-ratio-versus- 
frequency characteristic, respectively, for illustrating the 
method for selecting the piezoelectric transformer 
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characteristic according to a first preferred embodiment of 
the present invention; 

Fig. 7 is a block diagram showing one example of an 
apparatus measuring the ef ficiency- versus -frequency 
characteristic and the step-up-ratio-versus-f requency 
characteristic ; 

Fig. 8 is a block diagram showing one example of an 
input- impedance-versus-characteristic measuring apparatus 
used in a method for selecting the piezoelectric transformer 
characteristic according to a second preferred embodiment of 
the present invention; 

Fig. 9 is a graph indicating the input- impedance - 
versus-characteristic for illustrating the method for 
selecting the piezoelectric transformer characteristic 
according to the second preferred embodiment of the present 
invention; 

Figs. 10A, 10B, and IOC are graphs indicating the 
input- impedance -versus -frequency characteristic , the 
ef f iciency-versus-f requency characteristic, and the step-up- 
ratio-versus-f requency characteristic, respectively, for 
illustrating a method for selecting the piezoelectric 
transformer characteristic according to a third preferred 
embodiment of the present invention; and 

Figs. 11A, 11B, and 11C are graphs indicating the 
input -impedance -versus -frequency characteristic , the 
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ef f iciency-versus-f requency characteristic, and the step-up- 
ratio-versus- frequency characteristic, respectively, for 
illustrating a method for selecting the piezoelectric 
transformer characteristic according to a fifth preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred embodiments of a method for selecting a 
piezoelectric transformer characteristic according to the 
present invention are described with reference to the 
attached drawings . 

Fig. 1 shows one example of the piezoelectric 
transformer used in various preferred embodiments of the 
present invention. A piezoelectric transformer 10 includes 
a piezoelectric body unit 11 that includes a primary- side 
driving section 12 and a secondary- side generating section 
13. The primary-side driving section 12 is substantially 
the left half of the piezoelectric body unit 11 and the 
secondary- side generating section 13 is substantially the 
right half of the piezoelectric body unit 11. 

The piezoelectric transformer 10 is preferably a Rosen- 
type piezoelectric transformer. The piezoelectric body unit 
11 is obtained by producing green sheets of ceramic material 
such as lead zirconium titanate (PZT) using a doctor blade 
method, forming hot-side internal electrodes 21 and a 
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ground-side internal electrode 22, as shown in Figs, 2 and 3, 
on the green sheets using a screen printing method or other 
suitable method, laminating and compression-bonding the 
green sheets, cutting the green sheets into substantially 
rectangular pieces, baking the sheets, and applying 
polarization processing thereto. As shown in Figs. 1 to 3, 
an input external electrode 14, a ground external electrode 
15, and an output external electrode 16 are formed on the 
piezoelectric body unit 11 using a silver firing method or 
other suitable process. The input external electrode 14 is 
electrically connected to the hot-side internal electrodes 
21 and the ground external electrode 15 is electrically 
connected to the ground-side internal electrode 22. 

When an alternating voltage that has the same frequency 
as the intrinsic resonant frequency of the piezoelectric 
unit 11 in the longitudinal direction is applied between the 
input external electrode 14 and the ground external 
electrode 15, the piezoelectric body unit 11 vibrates in a 
primary vibration mode in the longitudinal direction thereof. 
This produces electric charge due to the piezoelectric 
effect in the secondary- side generating section 13 as well 
as an output voltage across the output external electrode 16 
and the ground external electrode 15. 

Fig. 4 shows a frequency-characteristic measuring 
apparatus 31. The frequency-characteristic measuring 
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apparatus 31, which is specifically, for example, an 
impedance analyzer, includes a high frequency generator 32, 
a measuring device 33, an amplifier 34 for amplifying a high 
frequency signal from the high frequency generator 32, and a 
microcomputer 35 controlling the high frequency generator 32 
and the measuring device 33. 

The microcomputer 35 executes a series of measurements 
and data processing quickly in accordance with a software 
program pre- stored in a memory. That is, the high frequency 
generator 3 2 sweeps a high frequency signal over a 
predetermined frequency range and outputs it to the 
piezoelectric transformer 10 connected to measurement 
terminals 38a and 38b in accordance with a control signal 
from the microcomputer 35. The measuring device 33 measures 
input- impedance-versus-f requency characteristics of the 
piezoelectric transformer 10 over all of the predetermined 
frequencies. The measurement data is output to the 
microcomputer 3 5 where the data is processed. 

In a first preferred embodiment of the present 
invention, a method for selecting a characteristic of the 
piezoelectric transformer 10 is described in which the 
characteristic of the piezoelectric transformer 10 is 
selected by setting the piezoelectric transformer 10 in the 
frequency-characteristic measuring apparatus 31 and then 
measuring a resonant frequency f r from an input -impedance- 



- 15 - 



versus -frequency characteristic of the piezoelectric 
transformer 10. 

As shown in Fig. 5, the measurement terminals 3 8a and 
3 8b of the measuring apparatus 31 are preferably 
substantially claw-shaped. They are mounted to a base 37 in 
a moveable manner in the direction of an arrow X. The 
primary- side driving section 12 is held by the measurement 
terminals 38a and 38b which are electrically connected to 
the input external electrode 14 and the ground external 
electrode 15, respectively. On the other hand, the 
secondary- side generating section 13 of the piezoelectric 
transformer 10 (in other words, the output external 
electrode 16) is in an open state. 

A plurality of samples of the piezoelectric transformer 
10, e.g. samples SI, S2, and S3, each has eight laminated 
ceramic green sheets, approximate dimensions of 3 0 mm in 
length, 6 mm in width, and 1.4 mm in thickness, and a ratio 
of about 6:4 of the length L t of the driving section 12 to 
the length L s of the generating section 13. In these 
samples SI to S3, the polarizabilities of the driving 
section 12 are 100%. In the sample SI, the polarizability 
of the generating section 13 is 63%; in sample S2, the 
polarizability is 83%; and in sample S3, the polarizability 
is 100%. 

Fig. 6A shows the results obtained by measuring the 
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impedance -versus -frequency characteristic of each of the 
samples SI to S3 using the measuring apparatus 31. Figs. 6B 
and 6C indicate the results obtained by measuring, using a 
measuring apparatus 40 shown in Fig. 7, an efficiency- 
versus- frequency characteristic and a step-up-ratio-versus- 
frequency characteristic, respectively, of each of the 
samples SI to S3. In Figs. 6A to 6C, solid lines SI 
indicate the measurement results of the sample SI; solid 
lines S2 indicate the measurement results of the sample S2 ; 
and solid lines S3 indicate the measurement results of the 
sample S3 . 

The measuring apparatus 40 makes use of a three volt- 
meter method, which has been well known. This measuring 
apparatus 4 0 includes the high frequency generator 32, the 
amplifier 34, three voltmeters 42, 43 and 44, a measurement 
resistor Rl, a load resistor R2 (resistance value: 200 kQ) , 
a voltage-dividing resistor R3, and a voltmeter 45 for 
measuring the voltage across both ends of the voltage- 
dividing resistor R3 . 

Fig. 6A shows that the resonant frequency f r of the 
piezoelectric transformer 10 moves toward the lower 
frequency side in the order of f r 3, f r 2, and f r l in 
accordance with the decrease in the polarizability of the 
secondary- side generating section 13 (in other words, as the 
sample is varied in the order of S3, S2, and SI) . Fig. 6B 
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shows that the efficiency of the piezoelectric transformer 
10 decreases in accordance with the decrease in the 
polarizability of the secondary- side generating section 13. 
Fig. 6C shows that the step-up ratios increase in the 
proximities of the corresponding resonant frequencies f r l, 
f r 2, and f r 3 of the samples SI to S3 while the step-up ratios 
decrease away from them. 

Once the above relationships are established, the 
piezoelectric transformer 10 is selected as follows. For 
example, when the piezoelectric transformer 10 having an 
efficiency of about 80% or above at 60 kHz is desired to be 
selected, the above relationships show that the sample SI 
(the polarizability of the driving section 12 is about 63%) 
does not meet the selecting standards while the sample S2 
(the polarizability of the driving section 12 is about 83%) 
meets the standards (see Fig. 6B) . When, for example, the 
piezoelectric transformer 10 having a step-up ratio of about 
23 dB or above at 60 kHz is desired to be selected, the 
sample SI does not meet the standards while the sample S2 
meets the standards (see Fig. 6C) . Accordingly, when the 
piezoelectric transformer 10 is selected, setting the 
resonant frequency f r 2 of the sample S2 as the lower limit 
in the input -impedance -versus -frequency characteristic shown 
in Fig. 6A enables the piezoelectric transformer 10 having 
an efficiency of about 80% or above and a step-up ratio of 
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about 23 dB or above at 6 0 kHz to be selected without 
measuring the ef f iciency-versus-f requency characteristic or 
the step-up-ratio-versus-f requency characteristic. That is, 
the polarizability condition of the secondary- side 
generating section 13 can be confirmed by measuring the 
resonant frequency f r from the input -impedance -versus - 
frequency characteristic. 

The upper limit of the resonant frequency f r from the 
input -impedance -versus -frequency characteristic may be when 
the polarizability of the generating section 13 is 
approximately 100% or may be determined in accordance with 
the driving frequency of the inverter circuit. 

According to the above described method, the resonant 
frequency f r from the input -impedance -versus -frequency 
characteristic is measured using the measuring apparatus 31 
shown in Fig. 4 and then the piezoelectric transformer 10 
having a predetermined characteristic can be selected based 
on the measurement value of the resonant frequency f r . In 
addition, when measurement is performed, the piezoelectric 
transformer 10 does not have to be mounted to a substrate, a 
casing, or other mounting surface. Therefore, even though 
the piezoelectric transformer 10 that does not meet the 
selection criteria is produced, only the piezoelectric 
transformer 10 is wasted as the defective product, which is 
contrary to the conventional case in which the surface- 
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mounting substrate or the casing provided with the defective 
piezoelectric transformer 10 is also wasted. Therefore, 
significant cost savings are achieved. 

Furthermore, measurement can be performed by simply 
evaluating the impedance characteristic of the input side 
(the driving section 12 side) of the piezoelectric 
transformer 10. This evaluation is performed by simply 
electrically connecting the claw-shaped measurement 
terminals 3 8a and 3 8b to the input external electrode 14 and 
the ground external electrode 15, respectively. Therefore, 
less measuring time is required. 

In the second preferred embodiment of the present 
invention, a method for selecting a characteristic of the 
piezoelectric transformer 10 is described in which the 
characteristic of the piezoelectric transformer 10 is 
selected by measuring the resonant frequency f r from the 
input -impedance -versus -frequency characteristic while 
causing the measurement terminal 38c of the frequency- 
characteristic measuring apparatus 31A to short-circuit the 
secondary- side generating section 13 (in other words, the 
output external electrode 16) . 

Fig. 9 shows the results obtained by measuring the 
input-impedance-versus-f requency characteristic of each of 
the samples SI to S3 using the measuring apparatus 31A. In 
Fig. 9, a solid line SI indicates the measurement result of 
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the sample SI (the polarizability of the generating section 
13: about 63%); a solid line S2 indicates the measurement 
result of the sample S2 (the polarizability of the 
generating section 13: about 83%); and a solid line S3 
indicates the measurement result of the sample S3 (the 
polarizability of the generating section 13: about 100%). 

Fig. 9 shows that the resonant frequency f r of the 
piezoelectric transformer 10 moves toward the higher 
frequency side in the order of f r 3, f r 2, and f r l in 
accordance with the decrease in the polarizability of the 
generating section 13 (in other words, as the sample is 
varied in the order of the samples S3, S2, and SI) . 
Therefore, setting the upper limit of the resonant frequency 
f r from the input -impedance -versus -frequency characteristic 
enables the piezoelectric transformer 10 having a 
predetermined characteristic to be selected without 
measuring the ef f iciency-versus-f requency characteristic or 
the step-up-ratio-versus-f requency characteristic. 

In the third preferred embodiment of the present 
invention, a method for selecting a characteristic of the 
piezoelectric transformer 10 is described in which the 
characteristic of the piezoelectric transformer 10 is 
selected by setting the piezoelectric transformer 10 in the 
frequency-characteristic measuring apparatus 31 shown in 
Fig. 4 and measuring a bandwidth Af from the input- impedance- 
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versus -frequency characteristic of the piezoelectric 
transformer 10 where the bandwidth Af = an antiresonant 
frequency f a - the resonant frequency f r . 

As is shown in Fig. 4, the input external electrode 14 
and the ground external electrode 15 of the piezoelectric 
transformer 10 are electrically connected to the measurement 
terminals 38a and 38b, respectively. On the other hand, the 
output external electrode 16 is in an open state. 

A plurality of samples of the piezoelectric transformer 
10, e.g. samples S4 , S5, and S6, each has eight laminated 
ceramic green sheets, approximate dimensions of 3 0 mm in 
length, 6 mm in width, and 1.4 mm in thickness, and a ratio 
of about 6:4 of the length L t of the driving section 12 to 
the length L s of the generating section 13. While the 
polarizabilities of the generating units 13 of these samples 
are 100%, the polarizability of the driving section 12 of 
the sample S4 is about 80%, the polarizability of the 
driving section 12 of the sample S5 is about 90%, and the 
polarizability of the driving section 12 of the sample S6 is 
about 100%. 

Fig. 10A indicates the results obtained by measuring 
the input -impedance -versus -frequency characteristics of the 
corresponding samples S4 to S6 using the measuring apparatus 
31. Figs. 10B and 10C indicate the results obtained by 
measuring, using the measuring apparatus 4 0 in Fig. 7, the 
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ef f iciency-versus-f requency characteristic and the step-up- 
ratio-versus- frequency characteristic, respectively, of the 
corresponding samples S4 to S6 . In these figures, the solid 
lines S4 represent the measurement results of the sample S4, 
the solid lines S5 represent the measurement results of the 
sample S5, and the solid lines S6 represent the measurement 
results of the sample S6. 

Fig. 10A shows that the bandwidth Af of the 
piezoelectric transformer 10 in which the bandwidth Af = the 
antiresonant frequency f a - the resonant frequency f r 
decreases in the order of Af3, Af2, and Afl in accordance 
with the decrease in the polarizability of the primary- side 
driving section 12 (in other words, as the sample is varied 
in the order of S6, S5, and S4) . Fig. 10B shows that the 
efficiency of the piezoelectric transformer 10 decreases in 
accordance with the decrease in the polarizability of the 
primary-side driving section 12. Fig. 10C shows that the 
step-up ratio of the piezoelectric transformer 10 decreases 
in accordance with the decrease in the polarizability of the 
primary-side driving section 12. 

Once the above-described relationships are established, 
the piezoelectric transformer 10 in which desired efficiency 
and step-up ratio are ensured can be selected in the same 
manner as in the first preferred embodiment by setting the 
lower limit of the bandwidth Af so as to enable the 
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efficiency and step-up ratio that are necessary for 
operating at a predetermined frequency to be obtained 
without measuring the efficiency-versus- frequency 
characteristic and the step-up-ratio-versus-f requency 
characteristic. That is, measuring the bandwidth Af from 
the input -impedance -versus -frequency characteristic enables 
the polarizability condition of the primary- side driving 
section 12 to be confirmed. 

In the fourth preferred embodiment of the present 
invention, a method for selecting a characteristic of the 
piezoelectric transformer 10 is described in which the 
characteristic of the piezoelectric transformer 10 is 
selected by measuring the bandwidth Af from the input- 
impedance -versus -frequency characteristic in which the 
bandwidth Af = the antiresonant frequency f a - the resonant 
frequency f r while causing the measurement terminal 3 8c to 
short-circuit the secondary- side generating section 13 (in 
other words, the output external electrode 16) in the 
frequency-characteristic measuring apparatus 31A shown in 
Fig. 8. 

When the input - impedance -versus - frequency 
characteristics of the samples S4 to S6 according to the 
third preferred embodiment are measured using the measuring 
apparatus 31A, the bandwidth Af of the piezoelectric 
transformer 10 decreases in accordance with the decrease in 



the polarizability of the driving section 12. Accordingly, 
setting the lower limit of the bandwidth Af from the input- 
impedance -versus -frequency characteristic enables the 
piezoelectric transformer 10 having a predetermined 
characteristic to be selected without measuring the 
ef f iciency-versus-f requency characteristic and step-up- 
ratio-versus- frequency characteristic . 

In the fifth preferred embodiment of the present 
invention, a method for selecting a characteristic of the 
piezoelectric transformer 10 is described in which the 
characteristic of the piezoelectric transformer 10 is 
selected by setting the piezoelectric transformer 10 in the 
frequency-characteristic measuring apparatus 31 shown in 
Fig. 4 and then measuring a resonant resistance Z r from the 
input-impedance-versus-f requency characteristic of the 
piezoelectric transformer 10. 

As is shown in Fig. 4, the input external electrode 14 
and the ground external electrode 15 of the piezoelectric 
transformer 10 are electrically connected to the measurement 
terminals 38a and 38b, respectively. On the other hand, the 
output external electrode 16 is in an open state. 

One sample of the piezoelectric transformer 10 is 
provided which has eight laminated ceramic green sheets, 
approximate dimensions of 30 mm in length, 6 mm in width, 
and 1.4 mm in thickness, and a ratio of about 6:4 of the 
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length L t of the driving section 12 to the length L s of the 
generating section 13. The resistances of the internal 
electrodes 21 and 22 of the driving section 12 increase as 
the film thickness of each of the internal electrodes 21 and 
22 becomes thinner. In view of this fact, when a chip 
resistor is connected in series with the primary-side 
driving section 12 (in other words, the input external 
electrode 14) of the piezoelectric transformer 10, the 
resistance of this chip resistor is assumed to be the 
increase in the resistances of the internal electrodes 21 
and 22 due to thinning of film thickness of each of the 
internal electrodes 21 and 22. That is, instead of 
providing a plurality of samples having the thin-film 
internal electrodes 21 and 22, that which is obtained by 
measuring the provided sample without connecting to any chip 
resistor is used as a sample S7; that which is obtained by 
measuring the provided sample connected to a chip resistor 
of about 1.0 Q is used as a sample S8; and that which is 
obtained by measuring the provided sample connected to a 
chip resistor of about 2.0 Q is used as a sample S9. 

Fig. 11A indicates the results obtained by measuring 
the input -impedance -versus -frequency characteristics of the 
corresponding samples SI to S9 using the measuring apparatus 
31. Figs. 11B and 11C indicate the results obtained by 
measuring, using the measuring apparatus 4 0 in Fig. 7, the 
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ef f iciency-versus- frequency characteristics and the step-up- 
ratio-versus- frequency characteristics, respectively, of the 
corresponding samples S7 to S9. In these figures, the solid 
lines S7 represent the measurement results of the sample S7; 
the solid lines S8 represent the measurement results of the 
sample S8; and the solid lines S9 represent the measurement 
results of the sample S9. 

Fig. 11A shows that as the attached resistance 
increases in the order of the samples S7, S8, and S9 (in 
other words, as the thickness of each of the internal 
electrodes 21 and 22 of the primary- side driving section 12 
decreases in the above order) , the resonant resistance Z r of 
the piezoelectric transformer 10 increases in the order of 
Z r l, Z r 2, and Z r 3 . Fig. 11B shows that as the film thickness 
of each of the internal electrodes 21 and 22 becomes thinner, 
the efficiency of the piezoelectric transformer 10 decreases. 
Fig. 11C shows that, with respect to the samples S7 to S9, 
as the film thickness of each of the internal electrodes 21 
and 22 becomes thinner, the step-up ratio increases in the 
proximity of the corresponding resonant frequencies while 
decreasing away from the frequencies. 

Once the above relationships are established, the 
piezoelectric transformer 10 in which desired efficiency and 
step-up ratio are ensured can be selected in the same manner 
as in the first preferred embodiment by setting the upper 



- 27 - 



limit of the resonant resistance Z r so as to enable the 
efficiency and step-up ratio that are necessary for 
operating at a predetermined frequency to be obtained 
without measuring the efficiency- versus -frequency 
characteristic and the step-up-ratio-versus-f requency 
characteristic. That is, measuring the resonant resistance 
Z r from the input -impedance -versus -frequency characteristic 
enables the film thickness conditions of the internal 
electrodes 21 and 22 of the primary-side driving section 12 
to be confirmed. 

In the sixth preferred embodiment of the present 
invention, a method for selecting a characteristic of the 
piezoelectric transformer 10 is described in which the 
characteristic of the piezoelectric transformer 10 is 
selected by measuring the resonant resistance Z r from the 
input -impedance-versus- frequency characteristic while 
causing the measurement terminal 38c to short-circuit the 
secondary- side generating section 13 (in other words, the 
output external electrode 16) in the frequency- 
characteristic measuring apparatus 31A shown in Fig. 8. 

When the input -impedance -versus -frequency 
characteristics of the samples S7 to S9 according to the 
fifth preferred embodiment are measured using the measuring 
apparatus 31A, as the corresponding attached resistances 
become greater (in other words, as the film thickness of 
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each of the internal electrodes 21 and 22 of the primary- 
side driving section 12 becomes thinner) , the resonant 
resistance Z r of the piezoelectric transformer 10 becomes 
greater. Accordingly, setting the upper limit of the 
resonant resistance Z r from the input -impedance -versus - 
frequency characteristic enables the piezoelectric 
transformer 10 having a predetermined characteristic to be 
selected without measuring the ef f iciency-versus-f requency 
characteristic and step-up-ratio-versus-f requency 
characteristic . 

The present invention is not restricted to the above- 
described preferred embodiments. Various modifications may 
be made within the spirit and the scope of the present 
invention. For example, the resonant frequency f r , the 
bandwidth Af , and the resonant resistance Z r from the input- 
impedance -versus -frequency characteristic of the 
piezoelectric transformer 10 are individually measured in 
the foregoing preferred embodiments. By measuring an 
arbitrary combination of these measurement factors f r , Af, 
and Z r , the piezoelectric transformer having a predetermined 
characteristic may be selected. Particularly, by measuring 
all of the resonant frequency f r , the bandwidth Af , and the 
resonant resistance Z r , the polarizability conditions of the 
primary- side driving section 12 and the secondary- side 
generating section 13 and the internal electrode film 
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thickness condition of the primary-side driving section 12 
can be confirmed. Therefore, more accurate selection for 
the piezoelectric transformer characteristic can be 
performed. 

While the present invention has particularly shown and 
described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and details can 
be made therein without departing from the spirit and scope 
of the invention. 



